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Abstract 
A error-evaluating model is set up based on the digital transforming principle for the steel-tube length, and then a 
novel automatic control system with parameterized control of single chip is realized for the steel-tube cutting. It is 
showed that both of the cutting accuracy and the production efficiency are remarkably improved compared to old 
system from the practice application. 
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1. Introduction 
The requirement for steel-tube are increasingly advancing, and the demand of the production of steel-
tube are continuously elevating, along with the rapid development of the industrialization and 
urbanization in our country. The production of the steel-tube needs various working procedure, the cutting 
of steel-tubs is an important one, the cutting machine is the key equipment in this product line. 
Nomenclature 
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2. System scheme design 
2.1. The cutting system before improvement 
The traditional cutting system of steel-tube uses infrared detecting device to trigger cutting operation. 
This system has some shortages, for example, it occurs great error and cannot perform real time operation 
such that it produces low production efficiency[1-3]. The statistical error of original system is showed in 
Table 1, and the statistical speed of it is showed in Table 2. 
Table 1. Statistical error before improvement 
(#) 1 2 3 4 5 
Length（cm） 530 630 660 570 600 
Error(mm） 37 39 45 35 38 
Table 2. Statistical speed before improvement 
(#) 1 2 3 4 5 
diameter（mm） 20 30 40 45 50 
Moving speed（
m/min） 60 60 50 50 45 
As stated in Table 1-2, we can find the old system is not ideal for the high-efficient steel-tube 
production. Aiming at the bad performance, an improvement is implemented to realize a new cutting 
system of steel-tube in this paper. 
2.2. System analysis 
The core problems of cutting system are: (a) to transfer the practical moving distance of the steel-tube 
to the digital signal identified by single chip system; (b) to improve the cutting accuracy through error 
analysis. 
 
 
Fig. 1. the section of strap-running wheel  
The strap-running wheel follows to turn around corresponding angle during the steel-tube moving. 
From this observation, if only it records the angle of the strap-running wheel turning around, we can 
obtain the corresponding distance of the steel-tube moving. 
The section of the strap-running wheel is shown in Fig. 1. The holes on the strap-running wheel will 
move as long as the strap-running wheel turning. From the observation, we can gain the corresponding 
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angle of the strap-running wheel running from marking the number of holes on the running wheel, and 
then we can gain the practical distance of the steel-tube moving. 
From the analysis above, we can summarize that the distance of the steel-tube moving can indirectly 
be measured from taking count of the number of the running holes, and the number of the running holes 
can be recorded through the interrupt system of single chip triggered by infrared sensor. So it solve the 
problem that how to turn the distance of the steel-tube running into the digital signal processed by single 
chip processor. 
2.3. Error analysis 
The above process of transforming the distance into the digital signal will cause the error, the reason 
arising the error include the following: 
(1)the error E1 arise from the distance between two holes on the strap-running wheel corresponding to 
the length of the steel-tube. 
(2) the error E2 arise from the time spent on running the distance between two holes. 
E1: The number of the running holes corresponding to the length of the steel-tube cannot be rounded 
as integer, namely it is fallen at the point between two holes, and the single chip processor only be 
triggered by the coming holes, so it arise the error, E1. 
E2: The speed of steel-tube running is very fast, and the time spent between two holes is very short, 
some running holes are omitted during the process between the single chip processor and infrared sensor, 
and thus it arise the error, E2. 
As stated in Fig 2, suppose the diameter of the axis of strap-running wheel is D, the diameter of the 
turntable of strap-running wheel is d, the distance between two holes is R, the number of holes on the 
strap-running wheel is N, the distance of the steel-tube going ahead is S, the length the strap-running 
wheel turns a round is F, the number of the round turned is n, and the time spent between two holes is T. 
Suppose the speed of steel-tube is V, the moving distance of steel-tube just is equal to the distance that 
the axis of the strap-running wheel have turned around. 
S n F= × (1) 
F = Π× (2) 
The most error between the length among two holes and the practical length of the steel-tube, Φ,is 
equal to the ratio of the circle of the strap-running wheel to the number of holes. 
N
D×Π
=Φ (3)
The time spent between the two holes, T, equal the ratio of the distance between two holes to the speed 
of steel-tube going ahead. 
VN
FT
×
= (4) 
From that above, ant thus 
VN
DT
×
×Π
= (5)
TV ×=Φ (6) 
 
From the analysis above, we can conclude that if the speed is constant, the most error between two 
holes, Ф, is directly proportional to the time spent during two holes, it also is directly proportional to the 
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diameter of the axis of the strap-running wheel, D. It is inversely proportional to the number of holes on 
the strap-running wheel, N. 
In the practical system, When it uses the following parameter: V=120m/min, D=0.2m，N=60，then 
the error is 
mmmD 4.100104.0m60/4.13.20 ==×=×Π=Φ N
And T is 
msDT 2.5)260/(2.014.3 =××=×Π= VN ×
From the data above, when the error asked by user is within 15mm, the most error 10.4mm completely 
meets the requirement; The time T (i.e., 5.2ms) is large than the responding time (100~500us). So various 
important parameters all meet the requirement, the parameterizing scheme is viable. 
3. The hardware scheme design for the controlling system 
The system framework overview is shown in Fig. 2. 
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Fig. 2. the framework overview of the automatic controlling system 
The controlling system framework consists of the setup input, digital tube display, signal receiver and 
the single chip processor. 
4. The software design for the controlling system of the steel-tube cutting
The controlling system consists of double single chip processors. The real time requirement is very 
high. IC1 is responsible to setup the user information and deliver them to IC2. Simultaneously, it receives 
the cutting signal from IC2, and hold the signal for some time. IC2 is responsible to handle the signal 
from infrared sensor, and to receive the information from IC1, and to send the cutting signal. 
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Fig. 3. The main flow chart for program 
The main flow chart of software system is showed in Fig. 3. When the system has not any interrupt 
happen, IC1 always wait for the action of keystroke, once there is any keystroke to be pressed, it send the 
information to IC2. While IC2 always wait for the signal of IC1, once there is information coming in 
from IC1, IC2 then process the new user information, and it wait for the next signal[4]. 
5. Evaluation 
The error data of the cutting system of steel-tube after improvement is shown in Table 3, and the speed 
stat. of steel-tube running is shown in Table 4. 
Table 3. Error stat. for the improved system 
Wheel diameter（cm
） 0.2 0.25 0.3 0.4 0.45 
Holes 60 60 80 80 80 
Speed (m/min) 120 140 120 150 180 
Error (mm) 8 8.7 8.4 9.3 10.6 
Table 4. Speed stat. for improved system 
diameter（mm） 20 30 40 45 50 
speed（m/min）(before) 60 60 50 50 45 
speed（m/min）（after） 140 140 120 110 100 
Comparing Table 1 with Table 3, the improved cutting system is prior to the old system, especially in 
the error controlling. As stated in Table 4, the production efficiency of new system obtains great 
improvement. 
6. Conclusion 
The moving distance of steel-tube is transformed into the number of holes on strap-running wheel; 
based on the mechanism, an error analysis model is set up, the error requirement can be regulated through 
the setting of parameter. At last, a new controlling system of steel-tube cutting is realized based on the 
single chip processor. 
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